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(57)Abstract: 

PURPOSE: To improve the unidirectionality of a surface acoustic wave, to 
miniaturize the device, and to reduce the loss at the time of using an internal 
reflection type unidirectional IDT having a floating electrode with respect to the 
surface acoustic wave device. 



CONSTITUTION: A piezoelectric substrate 1 and plural interdigital electrodes 
which have positive and negative exciting electrodes 1 1' for excitation and 
reception of the surface acoustic wave on the piezoelectric substrate are 
provided. Materials of the piezoelectric substrate 1 are X-1 12Y:LiTa03, and at 
least one interdigital electrode is the internal reflection type unidirectional 
interdigital electrode which excites the surface acoustic wave having 
unidirectionality, and the thickness of the electrode film of the internal reflection 
type unidirectional interdigital electrode is >0.4% of the period A of interdigital 
electrodes. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's 

decision of rejection] 

[Kind of final disposal of application 

other than the examiner's decision of 

rejection or application converted 

registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 

* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has two or more blind-like electrodes which have the excitation 
electrode of the positive/negative for exciting or receiving surface acoustic waves 
on a piezo-electric substrate and a piezo-electric substrate. The ingredient of 
said piezo-electric substrate is X-1 12"Y:LiTa03. At least one blind-like electrode 
Surface-acoustic-waves equipment characterized by being the internal reflection 
mold one direction nature blind electrode which excites the surface acoustic 
waves which have tropism on the other hand, and the thickness of the electrode 
layer of an internal reflection mold one direction nature blind electrode being 
0.4% or more of the period lambda of a blind-like electrode. 
[Claim 2] The float electrode of the open sand mold to which said internal 
reflection mold one direction nature blind-like electrode is not connected 
electrically [ the excitation electrode of positive/negative ] to the excitation inter- 
electrode of the positive/negative, and the excitation electrode of 
positive/negative are surface-acoustic-waves equipment according to claim 1 
with which it is characterized by having the float electrode of the short circuit 
mold with which it did not connect electrically but two float electrodes were short- 
circuited. 

[Claim 3] Surface-acoustic-waves equipment according to claim 1 characterized 
by said internal reflection mold one direction nature blind-like electrode having 
the configuration whose two adjoining float electrodes have one float electrode 



which is not electrically connected with the excitation electrode of the 
positive/negative, and short-circuited it in the location [ center / of 
positive/negative / excitation inter-electrode ] shifted. 
[Claim 4] It has two or more blind-like electrodes which have the excitation 
electrode of the positive/negative for exciting or receiving surface acoustic waves 
on a piezo-electric substrate and a piezo-electric substrate. At least one blind-like 
electrode is excitation inter-electrode [ of the positive/negative ]. In the location 
which only one sixth of the distance of the period lambda of an excitation 
electrode to a blind-like electrode left The excitation electrode of 
positive/negative is an internal reflection mold one direction nature blind 
electrode with the configuration whose two adjoining float electrodes have one 
float electrode which is not connected electrically, and short-circuited it. 
Furthermore, surface-acoustic-waves equipment with which line breadth of the 
excitation electrode of positive/negative is characterized by the line breadth of 
lambda/8 or more, lambda/5 or less, and said float electrode being lambda/12 or 
less. 

[Claim 5] The surface acoustic filter characterized for the above mentioned 
surface-acoustic-waves equipment according to claim 1 or 4 by one piece or 
having more than one. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the surface-acoustic- 
waves equipment which consists of internal reflection mold one direction nature 
IDT which has a float electrode about surface-acoustic-waves equipment. 
[0002] 

[Description of the Prior Art] The miniaturization of the electronic parts used for it 
is strongly demanded these days with the miniaturization of migration 
communication terminal machines, such as a land mobile radiotelephone and a 
cellular phone. For example, as components which constitute a splitter, instead 
of the derivative filter used conventionally, a surface acoustic filter comes to be 
used and it is contributing to the miniaturization of a terminal greatly. 
[0003] However, size is still large, comparatively, with the surface acoustic filter 
of low frequency, in order [ of dozens to 100 and dozens of MHz band ] to attain 
the further miniaturization of a terminal, the miniaturization of a surface acoustic 
filter is called for, and low loss-ization is also demanded of coincidence. About 
attaining especially low loss-ization, it considered as the multi-electrode 
configuration which has arranged many input electrodes and output electrodes in 
the surface acoustic filter more than hundreds of MHz band conventionally, and 
the surface-acoustic-waves resonator was used. 

[0004] Generally, if an electrical potential difference is applied, a surface acoustic 
filter forms IDT for an input (InterDigital Transducer), and IDT for an output in the 
front face of the piezo-electric substrate with which a substrate generates strain 
surface acoustic waves, and is considering them as the multi-electrode 
configuration which prepared two or more electrodes which consist of this IDT for 
an input, and IDT for an output on one piezo-electric substrate. Moreover, IDT 
consists of positive/negative excitation electrodes of the lot which has the branch 



of the blind configuration which crossed mutually as shown in drawing 16 . 
[0005] However, since it is in inverse proportion to a frequency, spacing, i.e., the 
electrode period, of a branch of this IDT, when the above-mentioned multi- 
electrode configuration is applied to the surface acoustic filter of dozens to 
hundreds of MHz band, it is difficult for it to become huge magnitude and to attain 
a miniaturization. [ of a positive/negative excitation electrode ] Moreover, in order 
to satisfy the demand of a miniaturization, it considers as the filter configuration 
of a simple 1 input 1 output transversal mold, and, on the other hand, the surface 
acoustic filter using tropism IDT which can reduce bidirection loss as IDT is 
proposed. 

[0006] For example, the internal reflection mold one direction nature IDT which 
floats in positive/negative excitation inter-electrode and has an electrode is 
indicated by JP, 60-23631 2,A. Since this does not need a phase circuit outside 
but moreover needs only one-time electrode layer membrane formation and 
patterning, it has the description that a production process is easy. 
[0007] Moreover, it is the internal reflection mold one direction nature IDT in 
which two kinds, an open sand mold and a short circuit mold, exist as a float 
electrode, and it is larger than lambda/12 (lambda is the period of a blind-like 
electrode) in the line breadth of the float electrode of an open sand mold, line 
breadth of the float electrode of a short circuit mold is made narrower than 
lambda/12, and the thing to which tropism was made to increase on the other 
hand is indicated by JP,3-133209,A. 

[0008] Drawing 16 shows an example of the structure of the internal reflection 
mold one side tropism IDT (FEUDT:Floating Electrode type Unidirectional 
Transducer) which has the float electrode used conventionally. Here, IDT100 
consists of the branch 102 of the positive/negative excitation electrode 101 and a 
positive/negative excitation electrode, a short circuit mold float electrode 103, 
and an open sand mold float electrode 104. 105 is, spacing, i.e., the electrode 
period, between branches. 

[0009] Generally in IDT used conventionally [ this ], good 128-degreeY-X:LiNb03 



which tropism tends to obtain on the other hand was used as an ingredient of a 
piezo-electric substrate, using aluminum, aluminum-Cu, Cu, etc. as an electrode 
material. 

[0010] In order that this FEUDT may use the piezo-electric reaction of a float 
electrode, in order [ being good ] to take out tropism on the other hand, the 
effective thing is known to the substrate with which an electromechanical 
coupling coefficient K2 essentially serves as a big value. This electromechanical 
coupling coefficient K2 is one of the characteristic values of a piezo-electric 
substrate, and is a multiplier which shows the conversion efficiency in the case of 
changing an electrical signal into surface acoustic waves. Therefore, 128- 
degreeY-X:LiNb03 in which it has a comparatively big value of K2=5.5% in any 
case is used for FEUDT used by invention shown in the above-mentioned official 
report as a substrate ingredient. 

[0011] However, since the substrate using 128-degreeY-X:LiNb03 has the time 
delay temperature coefficient as large as -74 ppm/C" which is one characteristic 
value of a piezo-electric substrate, it is difficult for it to acquire the stable 
temperature characteristic, moreover ~ the case where a narrow band filter with 
a good property is constituted since K2 is large -- the electrode of the branch of 
IDT -- it is necessary to make [ many ] a logarithm and becomes 
disadvantageous for a miniaturization. 

[0012] On the other hand, a time delay temperature coefficient is -18 ppm/C", 
and X-1 12"Y:l_iTa03 is known as a substrate ingredient in which the stable 
temperature characteristic is shown. K2 is 0.76%, the thing using this substrate 
ingredient is small a figure single [ about ] compared with above mentioned 128- 
degreeY-X:LiNb03, and since it can realize a narrow-band with the small number 
of electrodes, it is fit for the miniaturization. 

[0013] Furthermore, it is advantageous to becoming 3230 m/s in the thing of X- 
1 12"Y:LiTa03, and miniaturizing a narrow band filter to being 3960 m/s in the 
thing of 128-degreeY-X:LiNb03, also about the velocity of propagation of surface 
acoustic waves, since it is late. However, as described above, when K2 is small, 



in the internal reflection mold which has a float electrode like before, few low loss 
surface acoustic wave filter which only tropism is acquired on the other hand, but 
can be equal to practical use cannot be realized. 

[0014] On the other hand, tropism is raised and this invention aims at the thing of 
surface acoustic waves for which stability, small, and low loss surface-acoustic- 
waves equipment are offered to practically applicable enough extent, when it is 
made in consideration of the above situations, X-1 12"Y:LiTa03 is used for the 
ingredient of a piezo-electric substrate and the internal reflection mold one 
direction nature IDT is used as IDT. 
[0015] 

[Means for Solving the Problem] This invention is equipped with two or more 
blind-like electrodes which have the excitation electrode of the positive/negative 
for exciting or receiving surface acoustic waves on a piezo-electric substrate and 
a piezo-electric substrate. The ingredient of said piezo-electric substrate is X- 
1 12"Y:LiTa03. At least one blind-like electrode The surface-acoustic-waves 
equipment characterized by being the internal reflection mold one direction 
nature blind electrode which excites the surface acoustic waves which have 
tropism on the other hand, and the thickness of the electrode layer of an internal 
reflection mold one direction nature blind electrode being 0.4% or more of the 
period lambda of a blind-like electrode is offered. 

[0016] You may make it have the float electrode of the short circuit mold with 
which the float electrode of the open sand mold which is not connected 
electrically and the excitation electrode of positive/negative were not electrically 
connected with the excitation electrode of positive/negative, but the internal 
reflection mold one direction nature blind-like electrode connected two float 
electrodes with the excitation inter-electrode of the positive/negative too hastily 
here. 

[0017] Moreover, the thickness of the electrode layer of above mentioned all or 
some blind-like electrodes may constitute so that it may become 0.4% or more of 
the period lambda of a blind-like electrode. Moreover, the ingredient of the 



electrode layer of said blind-like electrode may use the alloy (for example, 
aluminum-1%Cu, aluminum-2% Cu) of aluminum and copper, gold, copper, 
titanium, etc., although aluminum is usually used. 

[0018] Moreover, you may make it an internal reflection mold one direction nature 
blind-like electrode have the configuration whose two adjoining float electrodes 
have one float electrode which is not electrically connected with the excitation 
electrode of the positive/negative, and short-circuited it in the location [ center / of 
positive/negative / excitation inter-electrode ] shifted. Moreover, you may 
constitute as a surface acoustic filter, using the above surface-acoustic-waves 
equipments one or more. 

[0019] Furthermore, this invention is equipped with two or more blind-like 
electrodes which have the excitation electrode of the positive/negative for 
exciting or receiving surface acoustic waves on a piezo-electric substrate and a 
piezo-electric substrate. At least one blind-like electrode is excitation inter- 
electrode [ of the positive/negative ]. In the location which only one sixth of the 
distance of the period lambda of an excitation electrode to a blind-like electrode 
left The excitation electrode of positive/negative is an internal reflection mold one 
direction nature blind electrode with the configuration whose two adjoining float 
electrodes have one float electrode which is not connected electrically, and short- 
circuited it. Furthermore, the line breadth of the excitation electrode of 
positive/negative offers the surface-acoustic-waves equipment characterized by 
the line breadth of lambda/8 or more, lambda/5 or less, and said float electrode 
being lambda/12 or less. 

[0020] The ingredient of said piezo-electric substrate is X-1 12"Y:LiTa03, and the 
ingredient of the electrode layer of said blind-like electrode is aluminum, and you 
may make it the thickness of the electrode layer of all or some of blind-like 
electrodes on a piezo-electric substrate become 0.4% or more of the wavelength 
lambda of the surface acoustic waves with which only said internal reflection 
mold one direction nature blind electrode is excited further here. 
[0021] When carrying out the ingredient of said blind-like electrode except 



aluminum, moreover, the value which multiplied the thickness of an electrode 
layer by the specific gravity to the aluminum of the ingredient of the electrode 
layer of said blind-like electrode [ whether it carries out to 0.4% or more of the 
wavelength lambda of the surface acoustic waves excited, and ] Or when the 
electrode layer of said blind-like electrode consists of two or more ingredients 
constituted in the shape of a layer, you may make it the numeric value which 
totaled the value which multiplied the thickness of each ingredient by the specific 
gravity to the aluminum of each ingredient become 0.4% or more of the 
wavelength lambda of the surface acoustic waves excited. Moreover, a surface 
acoustic filter may be formed, combining surface-acoustic-waves equipment with 
such a configuration one or more. 
[0022] 

[Function] this invention ~ getting twisted ~ with a piezo-electric substrate made 
from X-1 12"Y:LiTa03 Since thickness of the internal reflection mold one direction 
nature blind electrode is made into 0.4% or more of the period lambda of a blind- 
like electrode, using an internal reflection mold one direction nature blind 
electrode as a blind-like electrode which excites surface acoustic waves The one 
side tropism of surface acoustic waves can be increased, and stability, small, and 
low loss surface-acoustic-waves equipment can be offered. 
[0023] Moreover, if thickness of an electrode is thickened as mentioned above 
even when an internal reflection mold one side tropism blind electrode is 
equipped with two kinds, an open sand mold float electrode and a short circuit 
mold float electrode, as a float electrode, or even when it has only the float 
electrode of a short circuit mold, whenever [ directivity / of an internal reflection 
mold one side tropism blind electrode ] can be raised. 
[0024] Moreover, the float electrode of a short circuit mold sets to the internal 
reflection mold one direction nature blind electrode arranged in the location from 
which the distance of a center to center with the excitation electrode of 
positive/negative separated only one sixth of the distance of the period lambda of 
a blind-like electrode. Since line breadth of the excitation electrode of 



positive/negative is made into lambda/8 or more and lambda/5 or less and line 
breadth of the float electrode of a short circuit mold is made or less into 
lambda/12, reduction of loss can be aimed at with the increment in whenever 
[ said directivity ]. 
[0025] 

[Example] Hereafter, based on the example shown in drawing, this invention is 
explained in full detail. In addition, this invention is not limited by this. 
[0026] Example 1: Structural drawing on the front face of a substrate in one 
example of this invention is shown in drawing 1 . The example in which 1 set of 
IDT(s) for an input and IDT for an output were formed on the piezo-electric 
substrate is shown in this drawing. 

[0027] 1 is a piezo-electric substrate and X-1 12"Y:LiTa03 substrate is used for it 
by this invention. X-1 12"Y:LiTa03 substrate has the stable temperature 
characteristic, and since the value of the electric machine multiplier K2 is also 
small, it is advantageous to the miniaturization of a narrow band filter. 2 can use 
the internal reflection mold one side tropism IDT (FEUDT) as been IDT for an 
input, for example, shown in drawing. 

[0028] Generally, the surface acoustic waves excited from IDT for an input 
advance perpendicularly to the electrode of IDT. In drawing 1 , there are surface 
acoustic waves which advance to the left lateral, and surface acoustic waves 
which advance in the direction of right-hand side. FEUDT is IDT devised so that 
the surface acoustic waves which advance among 2-ways in the direction of 
right-hand side of an output side IDT, i.e., the direction, might increase if possible, 
and is IDT which has tropism on the other hand in this semantics. IDT of a 
double electrode mold as been IDT for an output, for example, shown in drawing 
can be used for 3. 4 is an acoustic material and is for controlling reflection of 
SAW in a piezo-electric substrate end face. 

[0029] In IDT2 for an input, 1 1 and 1 1' of a positive/negative excitation electrode 
and 12 is [ a short circuit mold float electrode and 13 ] open sand mold float 
electrodes. Aluminum will be used as an ingredient of these electrodes here. 



[0030] As shown in drawing, the positive/negative excitation electrode 11 and 11' 
are electrodes which counter, and at the predetermined fixed spacing, the branch 
14 of a positive/negative excitation electrode attached them in the shape of a 
blind, and has come out of them. One pair of electrodes are constituted from a 
branch 14 from above, and a branch 14 from down, and, generally IDT consists 
of a branch of two or more logarithms. Spacing (it is hereafter called an electrode 
period) of this branch 14 is made almost equal to the wavelength lambda of the 
surface acoustic waves which are excited most strongly. For example, using X- 
1 12"Y:LiTa03 substrate whose velocity of propagation of surface acoustic waves 
is 3230m/s, when a center of filter frequency is 40MHz further, wavelength 
lambda is 80.75 micrometers and an electrode period also makes it the almost 
same die length. 

[0031] Moreover, all line breadth of the positive/negative excitation electrode 11 
of IDT (FEUDT) for an input, 11', and the short circuit mold float electrode 12 and 
the open sand mold float electrode 13 is made equal to lambda/12. Furthermore, 
when an electrode material is aluminum, let thickness of all the electrode layers 
of IDT for an input be 0.4% or more of thickness of the wavelength lambda of 
surface acoustic waves. For example, the thickness of aluminum may be 0.328 
micrometers or more at the time of the period of lambda= 82 micrometers of a 
blind-like electrode, moreover - the example of drawing 1 -- an electrode period - 
- the electrode of 82 micrometers and Input IDT -- a logarithm - the electrode of 
20 pairs and IDT for an output - a logarithm is made into 28 pairs. 
[0032] The perspective view of one another example of IDT (FEUDT) for an input 
of this invention is shown in drawing 2 . H shows thickness here, We is the line 
breadth of a positive/negative excitation electrode, and Wf is the line breadth of a 
short circuit mold float electrode. In FEUDT in drawing 1 , it is considering as 
We=Wf. 

[0033] Next, being improved when [ of the surface-acoustic-waves equipment of 
this invention ] tropism thickens thickness of an electrode layer on the other hand 
is shown. In order [ this ] to measure the property of tropism on the other hand, 



the measurement sample shown in drawing 3 was used. This measured the loss 
difference when the double electrode mold IDT of both sides receives the surface 
acoustic waves which arrange IDT of the double electrode mold which is 
Bidirection IDT on IDT (FEUDT) for an input, and its both sides, and are excited 
by the central part from IDT for an input at them on X-1 12"Y:LiTa03 substrate. 
[0034] Here, the direction I want the surface acoustic waves excited from FEUDT 
to advance will be called the forward direction, and the direction which I do not 
want to advance will be called hard flow. Moreover, the numeric value which 
lengthened the loss in the double electrode mold IDT which exists in hard flow 
from the loss in the double electrode mold IDT which sees from FEUDT and 
exists in the forward direction can be said to be good [ whenever / directivity / of 
FEUDT ], so that whenever [ directivity ], a call, and this numeric value are large. 
Measurement of whenever [ this directivity ] was performed by changing the 
electrode layer thickness of IDT for an input of the measurement sample of 
drawing 3 . 

[0035] Drawing 4 and drawing 5 are the property Figs, of frequency-loss of 
FEUDT at the time of using aluminum for an electrode. Drawing 4 is a property 
Fig. at the time of setting thickness of the electrode layer of aluminum to 
0.1%lambda, and drawing 5 is a property Fig. at the time of setting thickness to 
0.4%lambda. An axis of abscissa shows the frequency (MHz) of surface acoustic 
waves, and an axis of ordinate shows loss (dB). 

[0036] Drawing 4 (a) and drawing 5 (a) show loss, the direction, i.e., the forward 
direction, which excites the surface acoustic waves of FEUDT, and drawing 4 (b) 
and drawing 5 (b) show loss of the direction which is not excited, i.e., hard flow. 
When (b) is compared with drawing 4 (a), compared with hard flow, it turns out 
that loss has less forward direction about 3.37dB. That is, when the thickness of 
the electrode layer of aluminum is 0.1%lambda, it can be said that whenever 
[ directivity ] is 3.37dB. 

[0037] Similarly, when (b) is compared with drawing 5 (a) and the thickness of 
the electrode layer of aluminum is 0.4%lambda, it can be said that whenever 



[ directivity ] is 4.10dB. Therefore, when an electrode layer is aluminum, it turns 
out that whenever [ directivity ] becomes [ the direction which thickness thickened 
with 0.4%lambda rather than the thing of 0.1%lambda ] good. 
[0038] The graph of the relation of whenever [ thickness / of an electrode layer / 
and directivity / of IDT for an input ] is shown in drawing 6 . An axis of abscissa 
shows the electrode layer thickness standardized on wavelength lambda, and the 
axis of ordinate shows whenever [ directivity ]. In FEUDT which has only the float 
electrode of a short circuit mold, the graph A of drawing 6 shows the change in 
FEUDT in which Graph B has two sorts of float electrodes, a short circuit mold 
and an open sand mold. 

[0039] according to drawing 6 - Graphs A and B - when the electrode layer 
thickness of an axis of abscissa is made to increase in both cases, it turns out 
that whenever [ directivity ] is increasing. For example, in Graph A, when 
thickness is 0.12%lambda and 3.3dB and thickness are 0.4%lambda whenever 
[ directivity ], whenever [ directivity ] is set to 4dB and whenever [ directivity ] is 
improved for the direction which thickened thickness. Moreover, whenever 
[ directivity ] tends to be saturated, and is whenever [ directivity / of about 4dB or 
more ] more than 0.4%lambda, and the effectiveness of having thickened 
thickness is acquired as electrode layer thickness is made to increase. It is good 
to make thickness into the thickness more than 1%lambda still more preferably 
especially. Moreover, according to the graph of drawing 6 , if it is the thickness 
more than 0.4%lambda, since whenever [ good directivity ] is obtained, it is not 
necessary to specify especially a upper limit but, and from upper viewpoint, it is 
desirable that it is several micrometers or less. 

[0040] From the above thing, by making thickness of the electrode layer of 
FEUDT into the thickness more than 0.4%lambda, on the other hand, it is 
improvable even to practically sufficient extent of the surface acoustic waves at 
the time of forming FEUDT using X-112"Y:LiTa03 substrate, and tropism has the 
stable temperature characteristic and can offer low loss surface-acoustic-waves 
equipment. 



[0041] In addition, although [ the example of drawing 1 ] aluminum is used as an 
electrode material, the alloy (aluminum-1%Cu, aluminum-2% Cu) of aluminum 
and copper, copper, gold, titanium, etc. can also be used. 
[0042] Moreover, when electrode materials other than aluminum are used in this 
way and specific gravity [ as opposed to the aluminum of h and its electrode 
material for electrode layer thickness ] is set to m, electrode layer thickness is set 
up so that it may be set to hxm>=0.4%lambda. For example, when copper is 
used as an electrode material, as for the copper thickness h, it is desirable at the 
time of the electrode period of lambda= 82 micrometers that it is more than 0.12 
micrometer (120nm). The specific gravity to copper aluminum is 2.73 here. 
[0043] Moreover, you may form as the layer structure which combined two or 
more ingredients as an electrode material. In this case, what is necessary is to 
calculate hxm, and just to set up each electrode layer thickness for two or more 
of those ingredients of every, so that that sum total may become 0.4% or more. 
For example, when forming aluminum and copper in the shape of a layer, at the 
time of lambda= 82 micrometers, thickness of aluminum can be set to 50nm and 
copper thickness can be set to 600nm. Moreover, although the example in which 
1 set of IDT(s) for an input and IDT for an output were formed was shown in 
drawing 1 , two or more IDT(s) may be formed on one piezo-electric substrate. 
[0044] As an ingredient of an electrode layer, Cu600nm and aluminum- 
1%Cu50nm (aluminum conversion and 2%lambda) are used for drawing 7 , and 
the frequency-loss property Fig. of an example using what formed these in the 
shape of a layer is shown in it. When (b) is compared with (a) of drawing 7 , it 
turns out that whenever [ directivity ] is 4.02dB. Therefore, when aluminum 
conversion are carried out even when an electrode layer is constituted using two 
or more ingredients, and thickness is made quite thick like 2%lambda, whenever 
[ directivity / of FEUDT ] can say that a good value is shown. In addition, although 
the example shown above showed the example in which 1 set of IDT(s) for an 
input and IDT for an output were formed, two or more IDT(s) may be formed on 
one piezo-electric substrate. 



[0045] Generally, a surface acoustic filter is constituted, using IDT for an input 
like drawing 1 , and IDT for an output two or more. Moreover, a surface acoustic 
filter is used as components which constitute the splitter of small personal digital 
assistants, such as a portable telephone. Therefore, if a surface acoustic filter is 
constituted using the surface-acoustic-waves equipment of this invention as 
shown in drawing 1 as a basic component, a surface acoustic filter and a small 
personal digital assistant with a smaller and good loss property can be offered. 
[0046] Moreover, although the example using FEUDT as IDT for an input was 
shown, a surface acoustic filter is constituted using two or more IDT(s), when 
aluminum is used for an electrode layer, FEUDT of this invention is applied to all 
IDT(s), and it is good also considering the thickness of the electrode layer of IDT 
as 0.4%lambda. Moreover, also in IDT for an input or IDT for an output which has 
not adopted FEUDT, it is good also considering the thickness of that aluminum 
electrode layer as 0.4%lambda like this invention. 

[0047] The example in the case of the surface-acoustic-waves equipment which 
has the structure which removed the float electrode of an open sand mold from 
FEUDT of example 2: next drawing 1 , or drawing 2 is shown in drawing 8 . Here, 
also in FEUDT which has only the float electrode of a short circuit mold as a float 
electrode, it is shown like the above-mentioned example that whenever 
[ directivity ] etc. is improved. 

[0048] Like drawing 1 , the surface acoustic waves whose center frequency is 
40MHz are excited, and what formed Cu and aluminum-1 % Cu in the shape of a 
layer as an electrode layer is used, using X-1 12"Y:LiTa03 as a piezo-electric 
substrate. Moreover, both line breadth (We, Wf) of the positive/negative 
excitation electrode 11, 11', and the short circuit mold float electrode 12 is made 
into lambda/12. Furthermore, 600nm and aluminum-1 % Cu of thickness of an 
electrode layer is set to 50nm, and Cu makes it use the thing of 2%lambda by 
aluminum conversion. In addition, what is necessary is not to limit to 2%lambda 
as thickness, as the example 1 also showed, and just to use the thing more than 
0.4%lambda extent by aluminum conversion. 



[0049] The frequency-loss property Fig. of FEUDT which has the above 
structures in drawing 9 is shown. Moreover, the frequency-loss property Fig. of 
FEUDT which made thickness thin is shown in drawing 10 for a comparison. At 
drawing 10 , the electrode layer used the 100nm (aluminum conversion and 
0.12%lambda) thing at aluminum-1% Cu. 

[0050] First, when (b) was compared with drawing 9 (a), in near 40MHz, loss had 
less forward direction about 4.8dB. Therefore, it can say that whenever 
[ directivity ] is about 4.8dB. Moreover, in drawing 10 , whenever [ directivity ] 
was about 3.3dB. By the above thing, although the thickness shown in drawing 9 
is thick, the direction can say that about 1.5dB of whenever [ directivity ] is good. 
[0051] Furthermore, in the case of the forward direction which is shown to loss 
being about 8.75dB at drawing 10 (a) in near 40MHz in the case of the forward 
direction shown in drawing 9 (a), loss was about 10.45dB. Therefore, although 
the thickness shown in drawing 9 is thick, it turns out that loss is reduced for the 
direction by 1.7dB. 

[0052] As mentioned above, even when it has a short circuit mold float electrode 
as FEUDT and does not have the open sand mold float electrode, on the other 
hand, tropism and loss can be improved like an example 1 by thickening 
thickness of an electrode layer. In addition, like an example 1, when a surface 
acoustic filter consists of two or more IDT(s), only FEUDT is good also 
considering the thickness of the aluminum electrode layer of all IDT or a part of 
IDT(s) as more than 0.4%lambda. 

[0053] The example at the time of changing the line breadth of example 3:, next 
the excitation electrode of the positive/negative in FEUDT and the line breadth of 
a short circuit mold float electrode is described. Here, when line breadth of the 
excitation electrode of positive/negative is made thick and line breadth of a short 
circuit mold float electrode is made thin, it is shown that an insertion loss can be 
reduced. 

[0054] First, the relation between the line breadth of the electrode of FEUDT, and 
whenever [ directivity ], and an insertion loss is described as a generality. The 



situation of change of whenever [ by change of line breadth / directivity ] was 
measured using the measurement sample shown in above mentioned drawing 3 . 
Here, X-1 12"Y:l_iTa03 was used as a piezo-electric substrate. Moreover, as 
central FEUDT, the float electrode of an open sand mold was removed and the 
thing equipped with the float electrode of a short circuit mold was used. Moreover, 
the line breadth of the positive/negative excitation electrode of central FEUDT 
was fixed to lambda/12, the line breadth of a short circuit mold float electrode 
was changed, and measurement of whenever [ directivity ] was performed. 
[0055] The graph of change of whenever [ over the line breadth of a short circuit 
mold float electrode / directivity ] is shown in drawing 1 1 . According to this 
drawing, it turns out about by lambda/8 to lambda/6 with the larger line breadth of 
a short circuit mold float electrode than lambda/12 that it becomes max whenever 
[ directivity ]. Although whenever [ directivity ] improved by optimizing the line 
breadth of a float electrode, this was known from the former. 
[0056] The graph of change of the insertion loss of the forward direction of 
FEUDT to the line breadth of a short circuit mold float electrode is shown in 
drawing 12 . According to this drawing, it turns out that the insertion loss of the 
forward direction tends to increase as the line breadth of a short circuit mold float 
electrode increases. 

[0057] Therefore, although whenever [ big directivity ] is obtained from drawing 
1 1 and the measurement result of drawing 12 by making line breadth of the float 
electrode of a short circuit mold to some extent thick, it turns out that the 
propagation loss of surface acoustic waves increases as a side effect of having 
made line breadth of a float electrode thick, and an insertion loss increases by 
making a float electrode thick substantially. 

[0058] Next, whenever [ at the time of changing the line breadth of the 
positive/negative excitation electrode of FEUDT / directivity ], and the 
measurement result of an insertion loss are shown in drawing 13 and drawing 14 , 
respectively. According to drawing 13 , whenever [ directivity ] serves as [ the line 
breadth of a positive/negative excitation electrode ] max near lambda/8 to 



lambda/5. According to drawing 14 , an insertion loss serves as [ the line breadth 
of a positive/negative excitation electrode ] min near lambda/8 to lambda/5. The 
above shows [ which were shown in drawing 1 1 and drawing 12 ] that it floats, 
and there is no increment in a side-effect-propagation loss unlike change of the 
line breadth of an electrode, and an insertion loss can be substantially reduced, 
when line breadth of the excitation electrode of positive/negative is set to 
lambda/8 to lambda/5 [ thicker than lambda/12 ]. 

[0059] FEUDT which has the following configurations in consideration of the 
above point was created. That is, in FEUDT shown in drawing 8 , line breadth 
We of a positive/negative excitation electrode is made into lambda/5, and line 
breadth Wf of a short circuit mold float electrode is made into lambda/12. 
Moreover, the short circuit mold float electrode 12 is arranged so that the core of 
a short circuit mold float electrode may come to the location distant from the core 
of the branch 14 of a positive/negative excitation electrode only one sixth of the 
wavelength lambda of the surface acoustic waves in an electrode period, i.e., a 
center of filter frequency. 

[0060] Drawing 8 shows the configuration which has arranged the short circuit 
mold float electrode in the location whose distance of a center to center with an 
excitation electrode is lambda/6 on the right-hand side of the positive/negative 
excitation electrode 1 1 and 11'. The thickness may be 50nm / 580nm / 50nm, 
using aluminum-1%Cu/Cu/aluminum-1% Cu of three layer membranes as an 
electrode layer. 

[0061] The frequency-loss property of FEUDT in this example 3 that has the 
above configurations in drawing 15 is shown. In drawing 15 , the insertion loss of 
the forward direction was about 7.9dB, and whenever [ directivity ] was about 
4.9dB. Therefore, as compared with the example 2 ( drawing 1 1 ) which set line 
breadth of a positive/negative excitation electrode and a float electrode to the 
lambda/12 [ same ], it turns out like an example 3 that the direction which 
changed line breadth has improved whenever [ insertion-loss and directivity ]. 
[0062] By the above thing, by making line breadth of a positive/negative 



excitation electrode about into lambda/8 to lambda/5 [ thicker than the line 
breadth (lambda/1 2) of the float electrode of a short circuit mold ], whenever 
[ directivity / of FEUDT ] can be improved and the loss as surface-acoustic-waves 
equipment can also be improved. 

[0063] In addition, line breadth Wf of a short circuit mold float electrode may be 
made smaller than lambda/12. Even if it makes this smaller than lambda/12, it is 
because there is nothing of FEUDT for which properties, such as tropism, are 
almost affected on the other hand. Moreover, as a piezo-electric substrate 1, like 
said examples 1 and 2, although X-1 12"Y:LiTa03 was used, it is not necessary 
to restrict to this in this example 3, and is sufficient, other substrate ingredients 3, 
for example, 128-degreeY-X:LiNbO. 

[0064] Furthermore, as shown in examples 1 and 2, when using aluminum as an 
electrode layer When using ingredients other than aluminum more than 
0.4%lambda, the thickness H of FEUDT When a ****** value combines further 
two or more ingredients with the electrode layer thickness H for the specific 
gravity to aluminum in the shape of a layer more than 0.4%lambda It is desirable 
to set up the thickness of an electrode layer so that the value which totaled all 
****** values may become the thickness of each ingredient other than aluminum 
more than with 0.4%lambda about the specific gravity to aluminum. 
[0065] Moreover, also in an example 3, when a surface acoustic filter consists of 
two or more IDT(s), only FEUDT is good also considering the thickness of the 
aluminum electrode layer of all IDT or a part of IDT(s) as more than 0.4%lambda. 
In this case, what is necessary is just to use what carried out the aluminum 
conversion of each thickness, as described above when the ingredient of an 
electrode layer is except aluminum. 
[0066] 

[Effect of the Invention] Since according to this invention X-1 12"Y:LiTa03 is used 
for a piezo-electric substrate, an internal reflection one side tropism blind 
electrode is used for the blind-like electrode which excites surface acoustic 
waves and thickness of an internal reflection one side tropism blind electrode is 



made into 0.4% or more of the wavelength lambda of surface acoustic waves, 
the one side tropism of surface acoustic waves can be raised even to practically 
sufficient extent, and stability, small, and low loss surface-acoustic-waves 
equipment can be offered. 

[0067] Furthermore, since it floats, line breadth of the excitation electrode of 
positive/negative is made into lambda/8 or more and lambda/5 or less [ thicker 
than the line breadth of an electrode ] and line breadth of a float electrode is 
made or less into lambda/12, reduction of loss can be aimed at with improvement 
in the aforementioned one side tropism. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of one example of the surface-acoustic-waves 
equipment of this invention. 

[Drawing 2] It is the perspective view of one example of FEUDT of this invention. 
[Drawing 3] It is the block diagram of the sample for measurement of whenever 
[ directivity / of FEUDT of this invention ]. 

[Drawing 4] It is the frequency-loss property Fig. of FEUDT (thickness: 



0.1%lambda) in the example 1 of this invention. 

[Drawing 5] It is the frequency-loss property Fig. of FEUDT (thickness: 

0.4%lambda) in the example 1 of this invention. 

[Drawing 6] It is the graph which shows the relation between the standardization 
electrode layer thickness in the example 1 of this invention, and whenever 
[ directivity ]. 

[Drawing 7] In the example 1 of this invention, it is a frequency-loss property Fig. 
in case an electrode layer is Cu+aluminum-1% Cu. 

[Drawing 8] It is the perspective view of one example of FEUDT of the example 2 
of this invention. 

[Drawing 9] It is the frequency-loss property Fig. (Cu+aluminum-1% Cu) of 
FEUDT in the case of the example 2 of this invention. 

[Drawing 10] It is the frequency-loss property Fig. (aluminum-1% Cu) of FEUDT 
in the case of the example 2 of this invention. 

[Drawing 1 1] In the example 3 of this invention, it is the graph which shows the 
relation of whenever [ standardization float electrode width-of-face and 
directivity ]. 

[Drawing 12] In the example 3 of this invention, it is the graph which shows the 
relation between standardization float electrode width of face and an insertion 
loss. 

[Drawing 13] In the example 3 of this invention, it is the graph which shows the 
relation of whenever [ standardization excitation electrode width-of-face and 
directivity ]. 

[Drawing 14] In the example 3 of this invention, it is the graph which shows the 
relation between standardization excitation electrode width of face and an 
insertion loss. 

[Drawing 15] It is the frequency-loss property Fig. of FEUDT in the example 3 of 
this invention. 

[Drawing 16] It is the block diagram of the internal reflection mold one direction 
nature blind electrode in the former. 



[Description of Notations] 

1 Piezo-electric Substrate 

2 IDT for Input (FEUDT) 

3 IDT for Output 

4 Acoustic Material 

1111' Positive/negative excitation electrode 

12 Short Circuit Mold Float Electrode 

13 Open Sand Mold Float Electrode 

14 Branch of Positive/negative Excitation Electrode 
H Thickness 

We Line breadth of a positive/negative excitation electrode 
Wf Line breadth of a short circuit mold float electrode 
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[Drawing 10] 
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^*l^#tt0T'J)l.„ ffilWi^HWtt^tOjg^l (M 
Hz). «?fi(4fl* ( d B ) ^ ^f. 
[00 36 ] 04 (a) &V05 (a) (4FEUDTO 
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*u H4 (b) mms (b) \mm^tz<^-}} 
t^hhm^m^^t* 04 < a ) t < b > 

3. 3 7dB^UIW%M 0 -ftch-h, T/t-S- 
^ A^MIS^*&s o . i%A«tl, ^rftttSfi 

3. STdBtfcSkf^fcmS. 
[00 3 7] mmz. H5(a)t(b) £Jt!grfl> 
fc, T/L-S-^AtomSJ^OMJf^'O. 4%ACDfcK 
77ftM44. 1 0 d BTfo hk WoZ 2: L 
Wot, tt8D£#T^$-^A<z>#£\ §W0. 1 
%A^t«j;0t 0. 4%Afcff<Lfc** 1 , Tiftttg 

[ 0 0 3 8 ] 06 fc, €«I«J¥£ ATJffl I DT^ 

fii^mtcommfyy^-te mm, «SAt*§ 
^ t fcim £ s l . vmittfo&mt:* tx i > s . 

U DTOfn, ?77B te@&IL&tf BH»?) 2 
# €*£*-f h F E U D Tff)%&<mfctt ix ^ h . 
[0 0 3 9] H6ti#UT, ?77A, Bb*ht><Di9& 

X^&Zktfhfr&> fcfcitf, /77A{;fcut, K 
JJtfO. 12%A^fc&(tfr|ftrtt«a3. 3dB s JRff 
**0. 4%A«0fcS^i;^tt«t;MdBfc£9, JRJP£ 

tt&DStfSKoftT* *|ftlttK(4»ftrt5«|ftIt:* 0 . 
0. 4%Alil±tfe^T{±, 4dBfg^Ii:<D77fr'l£g 

ftt, L< (4, ^Ji^l%Aj.4J:C0/?§fc-r 

IZtffX^. tfz. H6^97ti*Ur, 0. 4% 

(4, mMrnaTXfo& c\tmi£U\ 
[0040] VIAlCDZ t «t 0 , FEUD TO«SJg<0JS 
J¥£0. 4%Alil±oJ¥$fc^|,-Ifc^j;'9, X-ll 
2° Y : LiTa0 3 l«^UtFEUDTHML 

mimzm%i-hc\btfx$h. 

[004 1 ] ts:ti, 01 ^HffiMTIi. HSffii: LT 

-Wtffl<^(Al-l%Cu, A1-2%C 
u) , SI -?-*y$rif£ffl^4 4. 
[0 04 2] c\<7)XolZTJl$~iy^W\-con& 

wmm^fz^A, msMJj^h. ^msm^r 

^S-^fc:^6JtS£mi:Lfci:#, hXm^O. 

fciH^fflv^*^, ms)SfflA=8 2^m 

»»h(40. 1 2 urn ( 1 2 0nm) £LL 

xhh z bam t lv\ zz ti«r^ s - vMzm- 
6imii2. i3xhh„ 



[0043] ttz, rnmmcixmkmmt&tih 
■ttzmimmkixBf&ixhxvK zcom^za, * 
<nmmmmz.k\,z^ hxm^ttjru z&Gmto. 
4 %\s±b i 5 \z . mm^mwrass-r *i 

J©££(2. A = 82//m<7)i;§. T^S-^AOJUffS- 
5 0 nmfc U »D§IJ¥£60 0 nmt« 

Hltti. IffiOATJffll DTtMl D 

T«MLtM^L^*\ iooj±mas±t, n 
t»IDTJMUWK 
[ 0 0 4 4 ] 07 MS^Wftf: LT, C u 6 0 0 
nmtAl-l%Cu50nm ( A 1 WM-, 2%A) k 

JS»-#J^ttt0£*-f * 07tD(a)fc(b)fc£ 
JtfSTf S fc , Tffttt^'4 . 0 2 d B Xh h Z k tf&fr 

Al&Jr£LTigSJ?£2%AfcV^J:ofca> 
=5r DJ?< Lfc^tcii, FEUD T<nmWffl$m: 
m^tk Y^oZk ifiX'% I . . £LttiS tfcSlft 
MT14 . 1 ffl<7)A*ffl IDTfc^ffllDTfcJML 
fcWS^Lfc* 1 , lo^Elllil:, Ii»lDT 

[0045] -ftt, ^ffi5l«7^^^(±, 01 CD J: 

a ^rA^ffl i d t k mm iDTk zmmm^xmitL 

h. LWoT, milz^lfz£5%c\comWco0:M& 

nmmitm*m?k ixm^mwmmyowz 
tt*7 4 }\,*mmmm*zmt& z. t vxz 

[0046] £tz, A^ffll DTt LTFEUDT^ffl 

7 4W*m$LL. nmmizT>i$-iy^m\^ii& 

Mb&M±f<X0)I DTtd^B^FEUDT^Jilffl 
LT. I D T<77lSIOflJ¥£ 0 . 4%A t LT i> i. 
\i\ £tz. FEUDT^ffltTV^V^A7JfflIDTX 

liatafljiDTfctsvvcfc. ;<7)mB^J:at-e^>r^ 

S^-7^«OMJ¥^0. 4%AfctrfciV\ 
[0 04 7] mm 2 : V JZ, 01X(i:02tOFEUD 

wmkmm^m^mmmmsiz^t. zzxn. # 

%m&k LTitSi®SllfeO*JttS FEUDT 

[ 0 0 4 8 ] 0 1 IMSfcifr'Mf iJSfcSM 0 M H z ^ 

112° Y : L i Ta0 3 », LT(4Cu 
kAl-lXCukfrmmzftMLtzLcoZmv^, £ 

tz, ifniismsi l.ii' Rt/mmmmmmi 2 
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(DWM (We, Wf ) (ifc'^^iA/l 2t-fh, §t 
l«c?)IIttCu^6 0 0nm, Al-l%Cu 

(±. 2%A«g-fl>£«&<. Alilt'O. 4% 

[0 04 9] H9t. KUi^ia^rflKi^SoFEUD 

H 1 0 W¥£3P < LtFEUD T«0fi[i8R-«^1ftt 
H£5cf 0 HI Otil €SM«A 1 - 1%CuT-1 0 
0nm(AliI, 0. 1 2%A ) <Oi«0*fflV^. 
[00 5 0]if, i9(a)t(b) i: , 

OMHzftjfiCfcUT, 4. 8dBgf 
Wztf'J?%fritl* Ltzt^rlf^\im±m4. 8dB 

Jt(i*j3. 3dBtJ)^. JJLbOifctJO, 09 1 

^-tmrnvm^ •> t ^^ttjsii^ 1 . 5 d b ji 

[00 5 1 ]$^:.i9 (a) ^^JI*|t]c0^t 
(±, 4 OMHztt3£KfcVVC»&tiifo8. 7 5dBT& 
SOtefcTU Hi 0 (a) iZ7F?mm<&&&li. SBfe 
(4^10. 4 5dBt*ot. Lfc*>-3t, 09t3jrt 

[0 0 5 2] JSLbaJdK, FEUDTbixmmm? 

zmmmz.. mmmmnm^ix^^x 
i , mmmcommz m< -t& z t x\ mm 1 1 mmic 
-mmt/wmsm-ri z t & . ats, mm 
m 1 t wm 1 d Tt- ■hh»^7 a )v*im 

MZtL&zr&lt, f(7)^FEUDTO^ Xii-f^T 
«IDTiL< (i— gflO I D TCOT/k 5 - ^tffijSO 

[0 0 5 3] ill^M:, FEUDTttSttSiE^ 

wxm^mmx^ hzb 

[0 0 54] ft. -Mlrafc IX, FEUDTOtl^ 
l>o frlBL/iH3t^t-iIg^y77I^^fflUT. HtgO 

mtizkixfoimcomtcoxo-tmmLtz, zz 
x\ s.mmmtixx-1 12° y ■. LiTao 3 ^ 

V^t. ^ W^FEUDTat, IHftMtf)J?#* 
fc. ^*t0FEUDTOIE|iiJ®mS^lttS&A 

[00 5 5] HI IdZ, M«?#ttffi^ltlt*hri> 
# § «fi£)*1l£t - A 1 2 J; 0 i A £ V ' A / 8 t> A 



mcom^mmit-ti z 1 "&mimm±.i-i>&. z 

cDZkimm^mt>fix\vz a 

[0056] 01 2 mmmnmcommizni- 

h, f e u DTmmuwmjM&rk^yy 

[00 57 ] Ltzifin X , H 1 1 MM 1 2 tOjfflSSH 

&t>. mmm%VM<nwm^hhms±<~thzb 
x±% ttmm%t>tiz>&. mmmcomm±< 
vtz z t <nm\m 1 1 xm&imv>mm&&m\i 
u mmmimnm$:±<tz>ztizj; d^aiia 

[0058]}«C FEUD TmEnmMWMM* 

tt^tiMl 3. HI 4&T^t. HI 3titUi\ IfM 
^^^^>A 8 /^•'■j A 

ikkt tch .114 1 i tin. lEmmnmnm&K 
\/8frt,\/5cDimx\ wxm^m^t^i, a 

±£±"3, IEtOJW«ffiOi^1i&, A/12J;D^± 
lU/8*^A/5i: L/i**^(±, HI lM/mi 2 

[0059] £Ui<ojS*#*LT»:<oi a 5r«^^o 

FEUDT^MU. -r^^, H8t^L^FEU 
«ffi<7)i»i(BW f t A / 1 2 f: S . i^c.iE 

a >i 9'Wimmz^ nmmw'\tmM^ a <r> 1 /6 
Mi&s##msi2*ffig-ri> 0 

[00 60 ] H8T14. jEMJsHS«fii 11. H' ^ 
t O^ll^^iiEBf A / 6 T"S> !> fiat , 

LTtiAl - l%Cu/Cu/A 1 -l%Cu«3Ji)l 
^c7)HJ¥tt5 0nm/5 8 0nm/5 0nmfc 

[00 6 1 ] HI 5 Oh^id^fllfiS&JfOCl^ll 

nm3!z&m feud T^^a-iiMt tt&^t-, 

H 1 5 fcii . )I*|6j(7)ftfAfM*(±^ 7 . 9 d B 

^.nmmimA. 9dBx%^tz, itztf-ox. i 

Mffl®mffiS.V'#^€S^fSS:|S|-^A/l 2 fc Lfc 
HSSM2 (HI 1) fcitlrfSfc. ^»J3t0J;5t, 
SMBS: ^^^*^'#A#^^^]ttS fc i HiC# L 

[00 62 ] iil±^)^ biz J: 0 . lEtllfimSOlltl 

®fSS^?^€S«H^ (A/12) j; OA^A/ 
8^^A/5mffit^l>;ttJ;oT, FEUDTtO^ 
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X% h . 

[oo63]^, m%m& # ms^ntsw f i± A / 1 
lt t . f E\jDT<7)-^m<wmizimtA,m 

LTii. MIEHIfeM K2fc IU«B^ X - 1 1 2 ' Y : 
L iTa0 3 ^*A\ ;^}tM3-C'{i^ix^|JBS 

&mm<, m?mmmtztmi2 8° y-x : l 

i Nb0 8 tfciV\ 

[0 0 64] HJ6^1&tf2fc^Lfei-5t, 
«MlfcLTT/P$-?A£ffl^4*£U:, FEUDT 

[0 0 6 5] ifc, ^6ftM3tti^Ti, **<Z)I DT 
•COT3¥tti£7 4 /l^^*q«flg5ilS«^tt. FEUDT 

$-7A*S)Icd§ME£o. 4%AmitLTiJ;^ 0 
[00 6 6] 

[M^iS/ll] ZcowmzMi, E*M=X-i l 

2" y ■. i. i i • i ' riiu... mmmmm^z> 

[00 6 7] J^t, If^I«««g£#§mii 

ms^ns^ A/i 2tiTfc ltv^ot-\ mz-n$\ 

[HH^^^BJ!] 

[Hi ] ^fg^iiffi^tt^^-iiM^^H 

[02 ] ^^B^FEUDT^-HffiMO#HM0T'#) 



[03]^ WH^tf) FEUD T^^^ttS^ilSffl-tfy 
[04] ^^BJco^JSMl fcfc it l> FEUDT m 

m-.o. i %a ) mim-m^mmx-hz. 

[05] ^tf^^SSffll £iJ it h FEUDT (jg| 
W : 0 . 4 %A ) (7)M^-Ji*#tt0T-feS . 

[06 ] z\<owmmmm i tfettss^tTOSJit 

[07]; cWJ^ffiM i v . ms^'c u + 
a i - 1 xcucom^commc-mMmmxh^. 

[08] <r^#|HJ^SffiM2^FEUDT^-SffiMO 

mmxfoh* 

[09] i tO^tOHMM 2 tO±§^D F E U D T COMWi 

m-m^mm (cu+Ai-i%cu)m. 

[010] ; C^JOHfitflJ 2 CD*§^t0 FEUD T^DJU 
Mf*-fM*#tt0 ( A 1 - 1 %C u ) Xfoh . 
[01 1] ;^Bfl^»J3tfcV^. WIvHl', •''•■!,; 

[01 2] ;<7)^<7)^J)ftflj3tfcV^T. iH&ffc&Stt 

[013] ;cO^O^fiW3tfcV^T, £Jfg«f« 

[014] ^||BJ3<agffi0j3ttSVv^ 
ffifi i: # t <rm\% itft? 7 7 h . 
[015] ;^B^^tflJ3tfc(t-i»FEUDTC0jf 

[016] ^tfciti.rtgPRits-^r&ittt-^«® 

[u : "^lii»fl] 

1 wmmi 

2 ATJffll DT (FEUDT) 

3 ttiTJffllDT 

4 (SttM 

IK 11' lEJIIJfM 

1 2 

1 3 ^ra^ms 

1 4 iLmmmvtm 
h aiw 

we iEm. vmmm^mm 
wf ®$§s#§ms«g 
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-2 A£ffllDT<FEUDT) 

11 I£*Efl«<ii 



EtSti A 3 lUtlffllDT 




[02] 

^(0*W©F E U D T©-*»fii<?>»aia 




[03] 
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C(n^iD*195i)Ul*tt3FEUDT<nlIlilS!Et-tS***ttS 
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it -40 

* 

f 
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MHz 
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30 32 34 36 38 40 42 44 46 48 50 
Mft MHz 



" 10 °30 32 34 36 38 40 42 44 



C0>*HHW FEUD T(7)-3ISSffU<7)j4fllia 




U /6 : 
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5* 



30 32 34 36 38 40 42 44 46 48 50 
JS MHz 



* -5C 

* -6C 



34 36 38 40 42 44 46 48 50 
J9 3L* MHz 



[012] 




* 1* ft 49«»4I tWf/x) 



[015] 

;0*«0RJIt«3Kttt5FEUDTflS*«-»Jt?HtB 
(a) 








































-J 






AA 

















































30 32 34 36 38 40 42 44 46 48 5 
MHz 



MW4s^a *te*S CWf/J.) 



30 32 34 36 38 40 42 44 46 48 50 
Jfl £.£ MHz 
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' 100 IDT 




101 EaiMiUS 



